Background Three studies compared olanzapine and haloperidol given orally in maintenance therapy for schizophrenia and related psychoses.
Method Data were from double-blind extensions of acute studies.The subjects met criteria for schizophrenia, schizophreniform disorder or schizoaffective disorder. Subjects had responded to acute therapy (Brief Psychiatric Rating Scale total score decreased 2 40% from baseline (Studies 1,2, and 3) or was < 18 (Studies I and 2)) and were out-patients at their last acute phase visit. Relapse was defined as hospitalisation for psychopathology.
Subjects treated with olanzapine in the three studies were pooled to form the olanzapine group and subjects treated with haloperidol were pooled to form the haloperidol group.
Results Olanzapine-treated subjects experienced less relapse (P=0.034).
The Kaplan-Meier estimated one-year riskof relapse was 19.7% with olanzapine and 28% with haloperidol.
Conclusion
Olanzapine was superior to haloperidol in the maintenance therapy of schizophrenia and related psychoses.
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Olanzapine, a thienobenzodiazepine antipsychotic, has exhibited greater efficacy compared with placebo against overall psychopathology, positive psychotic symptoms and negative symptoms in two wellcontrolled studies (Beasley et al, 1996a,6) . Compared with haloperidol, olanzapine has demonstrated greater overall efficacy in one study (Tollefson et al, 1997) and greater negative symptom efficacy in two studies (Beasley et al, 19966; Tollefson et al, 1997) . The importance of maintenance therapy for schizophrenia has been well documented (Davis et al, 1993; Gilbert et al, 1995) . Therefore, it is important to determine the efficacy of olanzapine in maintenance therapy. We have reported (Dellva et al, 1997 ) that olanzapine (5-20 mg/day) is more effective than placebo or low-dose olanzapine ( I mg/day) in maintenance treatment. In the present study we report the results of the maintenance phases of three studies comparing olanzapine with haloperidol in treating schizophrenia and related psychoses.
METHODS A N D SUBJECTS

Study designs
The results are from the double-blind maintenance phases of three studies. The first was the North American Double-Blind Olanzapine Trial (Study 1) which compared the efficacy of three dose ranges of olanzapine (5 f 2 . 5 mglday, 1 0 f 2.5 mglday, 15f 2.5 mg/day) with placebo and one dose range of haloperidol (15 + 5.0 mg/ day) in the treatment of schizophrenia (Beasley et al, 19966) .
To be eligible for the maintenance phase of Study 1, subjects had to have responded to acute phase therapy (Brief Psychiatric Rating Scale (BPRS; Overall & Gorham, 1962) total score decreased >40% from baseline or was < 18). Subjects included in these analyses had been out-patients during their last acute phase.
Sixty-eight subjects entered the 46-week maintenance phase of Study 1 and were eligible for analysis. Of these, 45 continued on olanzapine and 10 continued on haloperidol. Subjects were evaluated every two weeks during the maintenance phase of Study 1.
The second study was the International Double-Blind Olanzapine Trial (Study 2) which compared treatments identical to those in Study 1 except that a low dose of olanzapine (1 mg/day) replaced placebo (Beasley et al, 1997) .
Subjects had to meet the same criteria as in Study 1 in order to be eligible for the maintenance phase and inclusion in the analysis of Study 2. Seventy-six subjects entered the 46-week maintenance phase of Study 2 and were eligible for analysis. Of these, 48 continued on standard-dose olanzapine and 14 continued on haloperidol. Subjects were evaluated every two weeks during the maintenance phase of Study 2.
The third study was the International Collaborative Double-Blind Olanzapine Trial (Study 3), which compared olanzapine (5-20 mg/day) with haloperidol (5-20 mg/day) in the treatment of schizophrenia, schizophreniform disorder and schizoaffective disorder (Tollefson et al, 1997). The randomisation ratio was 2:l to olanzapine v. haloperidol.
Subjects had to meet the same criteria as in Studies 1 and 2 in order to be eligible for the maintenance phase and inclusion in this analysis of Study 3. A total of 690 subjects entered the maintenance phase of Study 3 and were eligible for analysis. Of these, 534 continued on olanzapine and 156 continued on haloperidol. Subjects were evaluated every four weeks during the maintenance phase of Study 3.
Subjects had varying durations of treatment for completion because the data cutoff for analysis was a date rather than a specific visit. All subjects entering the maintenance phases of Studies 1 and 2 had the opportunity to complete one year of double-blind therapy. At the cut-off date for data collection in Study 3, the subjects who were continuing treatment had all completed between 22 and 84 weeks of double-blind therapy. In Studies 1 and 2, investigators could adjust olanzapine dose upward or downward within the assigned narrow dose range (5 mg) as clinically indicated. The dose of haloperidol could be adjusted within the somewhat broader haloperidol dose range (10 mg). In Study 3, the dose of each drug could be titrated up 5 mg per visit (up to a maximum of 20 mgl day) as needed, or decreased to a minimum of 5 mglday at any time.
Statistical methods
All analyses were carried out on an intentto-treat basis, all subjects were included in the groups to which they were randomly assigned, even when the subjects did not strictly adhere to the protocol. All available data were included in the analysis for all subjects up to and including data collected at discontinuation for any reason including non-compliance. SAS procedures were used to perform all statistical analyses (SAS Institute Inc, 1990) . For all analyses, main effects were tested at a two-sided a level of 0.05.
Baseline subject and illness characteristics were summarised for each treatment group. Frequencies were analysed using Pearson's x2 test. Means were analysed using an analysis of variance (ANOVA) with the term for treatment included in the model. Subject disposition, including reasons for discontinuation and relapse, were compared between treatment groups using Pearson's x2 test. Baseline severity of illness measured by the BPRS total score was compared between treatment groups using the ANOVA model including the terms treatment and investigator (Study 1); treatment and geographic region (Studies 2 and 3); or treatment, study and interaction (pooled Studies 1-3).
The modal maintenance dose of medication for each subject was calculated as the dose that the subject received for the most number of days.
Kaplan-Meier survival analysis, in which subjects contribute data as long as they participate in the study, even if they discontinue early for reasons other than relapse, was used to estimate the risk of relapse during one year of maintenance therapy. Relapse was defined as hospitalisation for psychopathology. In each of the analyses, all olanzapine dose groups were pooled, except for the 1 mglday dose group in Study 2, since this was considered an ineffective acute therapy dose.
Kaplan-Meier survival curves for time to relapse were compared between treatment groups. In computing the survival curves, subjects who discontinued from the study for a reason other than relapse were included in the analyses as right-censored observations (i.e. subjects discontinuing early contributed data up to discontinuation but not after discontinuation). The risk of relapsing by 365 days (one year of doubleblind therapy) was estimated from the Kaplan-Meier curves. Comparisons of the survival curves were performed using the log-rank test.
Life-table analysis of the pooled studies evaluated the percentage of subjects who relapsed during the double-blind extension through one year of treatment. The percentages of subjects hospitalised at each week of observation from among those remaining in the study a t that week were computed. A Mantel-Haenszel x2 test was used to compare the survival patterns of olanzapine with haloperidol.
RESULTS
Study l
Subject and illness characteristics
There were no significant differences between subjects enrolled in the olamapine and haloperidol treatment groups in terms of gender, ethnic background, age or illness characteristics.
Kaplan-Meier survival analysis
The mean modal maintenance dose (s.d.) for subjects treated with olanzapine and haloperidol was 12.1 (4.9) mglday and 14.0 (3.9) mglday, respectively.
Kaplan-Meier survival analysis at time to relapse for the olanzapine treatment group v. the haloperidol treatment group revealed no statistically significant difference (log-rank x2=0.17, d.f.=l, P=0.677). The estimated one-year risk of relapse for the two groups was 28.6% for olanzapine and 28.6% for haloperidol.
Subject disposition
Of the olanzapine-treated subjects, 17 (38%) completed the maintenance phase without relapse, 10 (22%) relapsed, and 18 (40%) discontinued for other reasons. Two (20%) of the haloperidol-treated subjects completed the maintenance phase without relapse, two (20%) relapsed, and six (60%) discontinued for other reasons. There was no statistically significant difference in the incidence of relapse between the two groups.
Study 2
Subject and illness characteristics
There were no significant differences between subjects in the olanzapine treatment group and the haloperidol treatment group in terms of gender, ethnic background, age or illness characteristics.
Kaphn-Meier survival analysis
The mean modal maintenance dose (s.d.) for subjects treated with olanzapine and haloperidol was 11.5 (4.4) mglday and 16.4 (4.1) mglday, respectively.
Kaplan-Meier survival analysis at time to relapse for the olanzapine group v. the haloperidol group revealed no statistically significant difference (log-rank $=1.12, d.f.=l, P=0.291). The estimated one-year risk of relapse for the two groups was 19.6% for olanzapine and 33.5% for haloperidol.
Patient disposition
Of the subjects treated with olanzapine, 16 (33%) completed the maintenance phase without relapse, six (13%) relapsed, and 26 (54%) discontinued for other reasons. Of the subjects treated with haloperidol, four (29%) completed the maintenance phase without relapse, three (21%) relapsed, and seven (50%) discontinued for other reasons. There was not a statistically significant difference in the incidence of relapse between the two groups.
Study 3
Subject and illness characteristics
There were no significant differences between subjects enrolled in the olanzapine treatment group and the haloperidol treatment group in terms of gender, ethnic background or age. However, the subjects in the haloperidol group were younger at age of onset of psychosis. All other illness characteristics were similar among the two groups of subjects.
Kaplan-Meier survival analysis
The mean modal maintenance dose (s.d.) for subjects treated with olanzapine and haloperidol was 13.9 (5.8) mglday and 13.2 (5.6) mglday, respectively.
Kaplan-Meier survival analysis at time to relapse for the olanzapine group v. the haloperidol group revealed a statistically significant difference (log-rank x2=3.93, d.f.=l, P=0.047). The estimated one-year risk of relapse for the two groups was 19.2% for olanzapine and 27.9% for haloperidol.
O L A N Z A P I N E v. H A L O P E R I D O L IN T H E M A I N T E N A N C E T R E A T M E N T OF S C H I Z O P H R E N I A
Patient disposition
Of the subjects treated with olanzapine, 283 (53%) completed the maintenance phase without relapse, 71 (13%) relapsed, and 180 (34%) discontinued for other reasons. Of the subjects treated with haloperidol, 70 (45%) completed the maintenance phase without relapse, 29 (19%) relapsed, and 57 (37%) discontinued for other reasons. There was not a statistically significant difference in the incidence of relapse between the two groups.
Pooled study data Subject and illness characteristics
There were no significant differences between the subjects in the olanzapine treatment group and those in the haloperidol treatment group in terms of gender, ethnic background or age. The subjects in the haloperidol group were younger at age of onset of psychosis than those in the olanzapine group. All other illness characteristics were similar among the two groups of subjects (see Table 1 ).
Kaplan -Meier survival analysis
The mean modal maintenance dose (s. d.) for subjects in the olanzapine treatment group and the haloperidol treatment group was 13.6 (5.7) rnglday and 13.5 (5.5) mgl day, respectively. Figure 1 illustrates the Kaplan-Meier survival curves depicting time to relapse for the olanzapine group v. the haloperidol group. Comparing the two curves over their entirety, a statistically significant difference was observed (log-rank x2=4.48, d.f.=l, P=0.034). The estimated one-year risk of relapse for the two groups was 19.7% for olanzapine and 28% for haloperidol.
Life-table analysis
Figure 2 illustrates a life-table summary of the percentage of subjects who had relapsed for each two-week interval. The weeks, along the horizontal axis, are the time points at which the subjects were assessed for relapse (during the time interval from the preceding time point to the current time point). The percentages, along the vertical axis, reflect the percentage of subjects relapsing during a given time interval among the subjects continuing in the study during that time interval. Fewer relapses were observed among olanzapine-treated subjects than haloperidol-treated. There was a statistically significant difference Table 2 lists the disposition of the olanzapine-treated and haloperidol-treated subjects. Of the subjects treated with olanzapine, 316 (50%) completed the maintenance phase without relapse, 87 (14%) relapsed, and 224 (36%) discontinued for other reasons. Of the subjects treated with haloperidol, 76 (42%) completed the maintenance phase without   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . The results of these three olanzapine studies are consistent in regard to the estimated one-year risk of relapse. Study 1 found an estimated one-year risk of 28.6% in subjects treated with olanzapine compared with 28.6% for haloperidol-treated subjects (log-rank x2=0.17, d.f.=l, P=0.677). In Study 2, subjects treated with olanzapine had an estimated one-year relapse risk of 19.6% compared with 33.5% in subjects treated with haloperidol (log-rank zZ=1.12, d.f.=l, P=0.291). Subjects treated with olanzapine in Study 3 had an estimated one-year relapse risk of 19.2% compared with 27.9% in subjects treated with haloperidol (log-rank x2=3.93, d.f.=l, P=0.047). The estimated one-year relapse risk for subjects in the pooled olanzapine treatment group was 19.7% compared with 28% for subjects in the pooled haloperidol group (log-rank x2=4.48, d.f.=l, P=0.034). Haloperidol-treated subjects were estimated to relapse over the course of one year at a rate (28%), 44% greater than the estimated rate (19.7%) for olanzapine-treated subjects.
The absolute relapse incidences, 14% for olanzapine and 19% for haloperidol, did not differ statistically significantly, in contrast to the difference in Kaplan-Meier survival and life-table analysis. Both latter analyses consider time to relapse in addition to relapse occurrence. Less relapses occurred, and when they did occur, generally occurred later with olanzapine.
Maintenance study design features
There are difficulties in comparing the results of studies of maintenance therapy for schizophrenia, even when the studies employ the same antipsychotic agent and route of administration. Notable differences in study methodology that make comparisons of results difficult include the potential for adjustments of study treatment; allowance of concomitant medications; subject selection methods, especially the length of time subjects had been stable on standard medication prior to study entry; and varying definitions of relapse. Definition of relapse is extremely important in that some studies have permitted dose increases to treat worsening of symptoms without declaring a relapse, while others have not. Such methodological processes have been different across recent studies of maintenance antipsychotic efficacy (Goldstein et al, 1978; Kane, 1983; Marder et al, 1984 Marder et al, ,1987 al, 1993) .
With the exception of the study by Goldstein et a1 (1978) , the maintenance studies noted above were two-phase rerandomisation studies. In the first phase of the studies, all the subjects were determined to be stable on standard-dose therapy. These subjects were then randomised to receive lower dose therapy (in some, intermittent therapy) or to continue on standard therapy. In such studies, Greenhouse and colleagues (Greenhouse & Meyer, 1991; Greenhouse et al, 1991) have noted that design bias favours subjects who have not been switched to the alternative therapy. Subjects treated during the experimental maintenance phase with the treatment to which they had responded and on which they had demonstrated stability without relapse would be expected to show fewer relapses than the subjects who had switched treatments.
The olanzapine studies were not twophase re-randomisation studies. Instead, subject assignment to treatment groups was fixed at the outset of acute treatment. The only study that has used a comparable design is the Goldstein et a1 (1978) study. The design used in the maintenance phases of the olanzapine studies is comparable to that advocated by Greenhouse and colleagues (Greenhouse & Meyer, 1991; Greenhouse et al, 1991) . Greenhouse and colleagues have suggested that a maintenance study design that does not re-randomise treatment following acute response avoids the bias inherent in re-randomisation designs noted above. Additionally, the design suggested by Greenhouse and employed in the Goldstein et a1 (1978) study and the olanzapine studies is consistent with clinical practice in which subjects are continued on therapy as long as response is maintained.
Although continuation of the acute treatment rather than re-randomisation may have design advantages as described above, it may lead to a difference in outcomes between treatments if one is better tolerated. In acute treatment (Beasley et al, 1996 (Beasley et al, , 1997 Tollefson et al, 1997) , olanzapine was associated with less adverse events and discontinuations than haloperidol and in the maintenance phase a slightly higher percentage of haloperidol-treated subjects discontinued because of adverse events. A difference in tolerability may have contributed to the subjects on olanzapine remaining in the study longer and having a lower rate of covert non-compliance. Both of these factors could have contributed to the more favourable outcomes for olanzapine by both Kaplan-Meier survival analysis and life-table analysis.
Another difference between these olanzapine studies and the majority of other maintenance studies (the exception being the Goldstein et a1 (1978) study), is that in the olanzapine studies, subjects entered the maintenance phase with minimal stabilisation. Implications for this shorter duration of stability among study subjects include an expectation of increased relapse incidences for all treatment groups. Goldstein et a1 (1978) focused on the first six weeks following discharge, noting that a previous study found that 45% of subjects were readmitted during the first six months of discharge, and that 31% of those readmissions occurred within the first three to four weeks post-discharge. In subjects who had not been stabilised for a substantial length of time, it would also be expected to see a higher discontinuation rate than in stable subjects who had demonstrated compliance with therapy prior to selection for study participation.
Of the 10 studies represented by the 11 reports (Goldstein et al, 1978; Kane, 1983; Marder et al, 1984 Marder et al, , 1987 al, 1990 ). Therefore, the single definition of relapse used here is comparable to the most consistently applied definition in recent maintenance studies. When multiple definitions have been analysed, relapse incidence, based on hospitalisations, has been lower than when based on just symptom exacerbation.
In the majority of recent studies of maintenance therapy for schizophrenia, depot formulations of antipsychotic medication were used to eliminate non-compliance as a possible reason for treatment failure. The olanzapine studies used oral medication. Since oral therapy cannot ensure compliance, risk of relapse may have been increased for both treatments in these olanzapine studies. Additionally, the range of haloperidol dosing, 5-20 mg/ day, may be considered restricted by some practitioners. Although, the design of the studies was such that all subjects could receive a maintenance dose of medication at least as high as their effective acute treatment doses, these results might not be generalisable to situations where a broader range of either drug would be used for acute and then maintenance treatment.
In the olanzapine studies, all subjects were seen more frequently (every two weeks) than in the majority of the other studies discussed here. More frequent observation provided investigators with a greater opportunity to observe the subjects' symptoms and detect clinical changes that might not have come to their attention otherwise. This increased frequency of observation had the potential to increase observed relapse rates as a result of increased sensitivity to detection of clinical deterioration. Alternatively, this increased frequency of clinical contact may have delivered an element of supportive psychotherapy which would have served to reduce the risk of relapse.
Discontinuations from maintenance studies
An aspect of these study results that might be considered to limit their generalisability is the apparently high rates of discontinuation for non-definitive reasons (reasons other than relapse or completion without relapse). As noted above, a factor likely to have contributed to this rate is that subjects made an immediate transition from acute response to the maintenance phase during which relapse was counted, rather than having to demonstrate a period of stability before entering maintenance observation. Despite this, the discontinuation rates for the olanzapine studies are not substantially dissimilar from those of other studies. Kane (1983) reported a 47% discontinuation rate at one year; Marder et a1 (1987) reported 19% at one year; and Hogarty (1991) reported 24% at two years (rates for standard-dose treatments). The rates in the olanzapine studies were 40% in Study 1, 54% in Study 2, 34% in Study 3, and 36% for the pooled olanzapine treatment groups of the three studies. It must be recalled that these rates included subjects (11, 10, 8 and 9%, respectively) who were discontinued because they could not receive additional medication within the studies.
Concluding remarks
The results of these analyses of maintenance therapy with olanzapine in subjects with schizophrenia or related psychoses show that oral olanzapine is superior to oral haloperidol in preventing relapse within the context of these studies with their design features. Less covert non-compliance with olanzapine compared to haloperidol might explain this finding. Despite differences in study methodology (e.g. selection of subjects, definitions of relapse), relapse incidences in the olanzapine studies are consistent with and compare favourably to those seen in other maintenance studies that employed standard-dose therapy. When differences in study methodology are taken into consideration, discontinuation rates in the olanzapine studies also compare favourably with those seen in other studies employing standard-dose therapy.
